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ABSTRACT 

We examine the star formation properties of group and field galaxies in two sur- 
veys, SDSS (at z - 0.08) and GEEC (at z - 0.4). Using UV imaging from the GALEX 
space telescope, along with optical and, for GEEC, near infrared photometry, we com- 
pare the observed spectral energy distributions to large suites of stellar population 
synthesis models. This allows us to accurately determine star formation rates and 
stellar masses. We find that star forming galaxies of all environments undergo a sys- 
tematic lowering of their star formation rate between z=0.4 and z=0.08 regardless of 
mass. Nonetheless, the fraction of passive galaxies is higher in groups than the field 
at both redshifts. Moreover, the difference between the group and field grows with 
time and is mass-dependent, in the sense the the difference is larger at low masses. 
However, the star formation properties of star forming galaxies, as measured by their 
average specific star formation rates, are consistent within the errors in the group 
and field environment at fixed redshift. The evolution of passive fraction in groups 
between z=0.4 and z=0 is consistent with a simple accretion model, in which galax- 
ies are environmentally affected 3 Gyrs after falling into a ~ 10 13 M Q group. This 
long timescale appears to be inconsistent with the need to transform galaxies quickly 
enough to ensure that star forming galaxies appear similar in both the group and field, 
as observed. 

Key words: galaxies: clusters: general , galaxies: evolution 



1 INTRODUCTION 

The star formation history of a galaxy is a function of, at 
least, stellar mass, redshift and environment. In the local 
universe, a higher fraction of low mass ga laxies are actively 
form i ng stars than more massi ve galaxies ([Kauffman n et all 
120031 ; iBrinchmann et a"I]|2004 B04). It has been known for 
some time that the star formation density of the universe 
has d ecreased by at least a factor of 10 in the last 8 or 1 
Gyrs (|Lillv et al.lll996l ; iMadau et al.lll99rj ; lHopkins![20ol ). 
There is growing evidenc e that this reduction with time is 
seen at all stellar masses |Gilbank et al.ll2010bf ). Finally, at 
least in the local universe, the fraction of star forming galax- 
ies in groups and clusters at fixed stellar mass is lower than 
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the general field (jKauffmann et al.ll2004l : iKimm et af1l2009l ) . 
Untangling why and to what extent each of stellar mass, 
redshift and environment determine a galaxy's properties is 
a fundamental goal of galaxy formation and evolution re- 
search. Ultimately, we hope to uncover the physical mecha- 
nisms responsible for each correlation. 

The role of environment has be en studied extensively by 
many groups (for recent revi ews, see lBoselli fc Gavazzi 2006; 
iBlanton k, Mou stakas 2009). Importantly, Weinmann et all 
(2006) showed, by separating galaxies based on colour and 
specific star formation rate (based on Ha), that the frac- 
tion of blue, star forming galaxies decreases with increasing 
halo mass at fixed luminosity. More recently, using UV de- 
rived star formatio n rates and the same group catalogue, 
IKimm et ail (2009) finds that the fraction of passive satel- 
lites increases with halo mass. These studies were largely 
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focused on the fraction of passive galaxies, rather than the 
actual star formation rates. 

Surprisingly, however, there is evidence that galaxies 
that are forming stars in groups have similar properties to 
those in the field; it is just that the frac tion of those galaxies 
varies. For exampl e, many authors (eg. IStrateva et al.|[200ll ; 
iBaldrv et al.ll20o3 ) have found that the local galaxy distri- 
bution is bimodal i n colour, having a red and a blue peak. 
Balogh ct al. (2004) finds that the peak of the red and blue 
galaxies change relative heights with environment at fixed 
luminosity. However, importantly, they find no significant 
difference in the location of th e blue pea k with environment 
(but see IWilman et al. I l2010h . Recently. IPeng et al.l (|2010h 
found that the relationship between star formation rate and 
stellar mass was the same in the highest and lowest den- 
sity quartile of galaxies. This implies the mechanism that 
transforms galaxies in dense environments must be rapid. 

Strangulation, the process in which the hot gas halo 
surrounding a galaxy is stripped when it becomes a satel- 
lite in a large dark matter halo, is often thought to act over 
timescales of > 2 Gyrs, seemingly in contr adiction with the 
obser vational need for a rapid timescale (iMcCarthv et all 

2008) . Therefore, a process that involves the ram pressure 
stripping of a galaxy's cold gas seems more viable. How- 
eve r, after correcting f or the finite number of member galax- 
ies, iBalogh fc McGeei i|2010h found that the intrinsic scatter 
between the red fractions in individual galaxy groups and 
clusters is remarkably small. When directly compared to 
models for how galaxies are accreted into groups and sub- 
sequently into clusters, this small scatter suggests that star 
formatio n must be truncat ed in haloes with mass < 10 13 
tr 1 M ^McGee et al.ll2009l ). The efficiency of ram pressure 
stripping of cold gas in such low mass haloes is likely to be 
poor. 

The next step is to look at the evolution of the key ob- 
servational properties for further clues about the relevant 
mechanisms. It is difficult to obtain a large collection of un- 
biased and well sampled galaxy groups at high and interme- 
diate redshift and thus the majority of the previous work has 
been based in the local Universe. To combat this, our col- 
laboration, the Group Environment Evolution Collaboration 
(GEEC), has undertaken a detailed, multi- wavelength study 
of galaxy groups at intermediate redshift (0.3 < z < 0.55) 
l|Wilman et all 120051 ) . We have shown that these are truly 
galaxy groups — rather than clusters — as the group-sized 
velocity dispersions agree with s t acked weak lensing and 
X-ray luminosities (jParker et alj 120051 ; iFinoguenov et all 

2009) . We have shown that the morphology-environment 
relation, using either visual or quantitative morphologies, 
while in place at z=0.4, gr ows stronger to z=0 (|McGee et al.l 
l2008l ; IWilman et al.ll2009l ). In addition, as in the local uni- 
verse, the fraction of [Oil] emitting galaxies, infrared ex- 
cess galaxies or blue galaxies as a func tion of stellar mass 
is higher in the field than in the groups (|Balogh et al ] |2007l ; 
IWilman et aTll200Sl ; IBalogh et al]|2009l ) . 

[Oil] emission can be effectively corrected to be a use- 
ful tracer of average star formation rates fo r large samples 
l|Moustakas et alj|200d : iGilbank et alfeOlOal ). However, it is 
not clear that these corrections are effective for subsamples 
of gala xies, such as those that are affected b y dense environ- 
ments (|Yan et al 1 l2006l : iLemaux et al"]|20irj ) . In addition, to 
properly separate star forming from non-star forming galax- 



ies, it is necessary to probe low star formation rates. It is dif- 
ficult to attain this level of sensitivity with [Oil], especially 
in low signal to noise spectra. In this paper, we use SED- 
fit star formation rates, that are driven by UV data from 
GALEX , and stellar masses, that are driven by K band 
data. This allows us to probe how star formation evolves as 
a function of environment and stellar mass since z=0.5. 

In Sj2] we explain the two distinct surveys (GEEC and 
SDSS) used in the paper as well as the wide array of pho- 
tometric and spectroscopic data used in both. We will also 
detail the new GALEX ( 32~l~Tj) and CFHT Wircam K band 
(i ]2.1.2|) observations that will be used to fit detailed spec- 
tral energy distributions. In 333 we explain the SED fits 
used in this paper including the fitting methodology and 
the sample of comparison stellar populations that are used 
to derive physical parameters. Finally, we simulate a sample 
of galaxies that allow tests of the robustness and accuracy 
with which we recover physical parameters f i]3.4[) . In ij4l 
we examine the environmental dependence of the SSFR - 
M© diagram at both redshift epochs. In Sj5]we discuss the 
results and derive a plausible toy model for the truncation 
of star formation in group galaxies. Finally, in fJSl we discuss 
our conclusions. In AppendixfS] we make direct comparisons 
between our method of determining physical parameters and 
other methods from the literature. 

Throughout this paper, we adopt a ACDM cosmology 
with the parameters; Q m — 0.3, Qa = 0.7 and h — 
#o/(100 kms" 1 Mpc" 1 ) = 0.75. Also, in this paper all 
magnitudes are sta ted within the AB magnitude system 
jOke fc Gunnlll983l ). 



2 THE DATA 

To achieve our goal of studying the evolution of the star for- 
mation properties of galaxies and their dependence on envi- 
ronment requires a sample of galaxies at two redshift epochs 
and deep UV observations. For our z=0.4 sample, we use the 
sample of galaxies in the Group Environment Evolution Col- 
laboration (GEEC) and deep GALEX observations made in 
Guest Observer mode. The low redshift sample of galaxies 
is derived from the Sloan Digital Sky Survey (SDSS) and its 
overlap with the GALEX Medium Imaging Survey (MIS). 
Below we detail each sample, as well as the group finding 
algorithms used. 



2.1 GEEC survey 

The GEEC survey was designed to provide highly complete 
and deep spectroscopy in the fields of galaxy groups se- 
lected from an earlier, sparsely sampled redshift survey - the 
Canadian Network for Observational Cosmology (CNOC2) 
Field Galaxy Redshift Survey. CNOC2 is a spectroscopic 
and photometric survey completed with the Multi-Object 
Spectroscopy (MOS) instr ument at the 3.6 m Canada France 
Hawaii telescope (CFHT) (|Yee et al.ll2000l '). The original sur- 
vey targeted galaxies over four different patches of sky to- 
taling about 1.5 square degrees. Spectroscopic redshifts of 
6000 galaxies were obtained with an overall sampling rate 
of 48% to Rc=21.5. The survey used a band limiting fil- 
ter that primarily limited successful redshifts to the range 
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0.1 < z < 0.6, however, there was no colour pre-selection of 

targets. 

Despite this relatively sparse sampling, ICarlberg et al.l 

|200ll ) were able to use a slightly modified friends of friends 
algorithm to define a sample of ~ 200 galaxy groups. The 
only modification to the standar d friends of friends algo - 
rithm, such as that described by iHuchra fc Gellerl {l982), 
is the requirement that the grouped galaxies are in a large 
scale overdensity. However, because of the sparse sampling 
of the survey, this step has no effect on the type of groups 
discovered. 

These galaxy g roups have b e en ro bustly characterised 
by weak lens i ng ( Parker et al.l l2005h . mock catalogues 
jMcGee et al l l2008l h X -ra y imaging (|Finoguenov et al.l 
120091 ) and total stellar mass ijBalogh et al.1120071 ). The mass 
estimates from all of these approaches agree well with the 
expected masses based on the average velocity dispersions of 
the groups. The mock catalogue analysis also found that the 
fraction of galaxies not associated with real galaxy groups 
was only 2.5% (ie. those not within 0.5 Mpc of a > 10 12 
h- 1 M halo). 

The first s tep o f the GEEC survey was presented in 
IWilman et al.l (|2005T ). in which the collaboration obtained 
follow-up spectroscopy in 20 regions, each centered on a 
Carlberg et al. group at 0.3 < z < 0.55. This spectroscopy 
was obtained using the Multi-Object Spectroscopy Low Dis- 
persion Survey Spectrograph (LDSS2) at the 6.5m Baade 
telescope at Las Companas Observatory (LCO) in Chile. 
This targeting greatly increased the sampling in these 20 
groups, as well as six other Carlberg et al. groups that were 
partially overlapping our targets on the sky. Thus, the com- 
pleteness rose to ~ 78% to a statisical limit of R c =22. This 
was a half magnitude deeper than the original CNOC2 sur- 
vey. 

In this paper, we use data from both the targeted GEEC 
groups and the original Carlberg et al. groups, as well as 
making use of the full CNOC2 area from which to draw 
a comparison field sample. We correct for the incomplete 
sampling by adopt ing the weighting scheme described in 
iBalogh et all {2110!) ;. We apply weights to the galaxies based 
only the completeness as a function of R c magnitude from 
the original CNOC2 images and their location inside or out- 
side the LDSS2 follow-up regions. This weighting scheme 
allows a statistically complete sample to R c = 22 in the 
LDSS2 regions and to R c = 21.5 outside this region. Fur- 
ther 1/Vmax weighting is applied to construct a statistically 
complete volume limited sample. 



2.1.1 GALEX Observations 

The Galaxy Evolution Explorer {GALEX ) satellite is a 
NASA Small Explorer Class mission launched in 2003, which 
pro vides both imaging and grism capabilities in the ultravio- 
let (|Martin et al.ll2005l ; [Morrissev et al.ll2007f ). The GALEX 
satellite's dichroic beamsplitter feeds both a Near Ultravio- 
let (NUV; Acffcctivo = 227lA) and a Far Ultraviolet (FUV; 
Aeffective = 1528A) detector, thereby providing simultane- 
ous imaging in both bands over a very large, circular area 
(l.°25 diameter). The GALEX satellite has been revolution- 
izing galaxy formation and evolution studies since its launch 
by providing such wide field imaging in the ultraviolet. This 
is a particularly important waveband to enable a charac- 
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Table 1. Details of the GALEX observations of the GEEC sur- 
vey. Listed are the original CNOC2 patch name, the central right 
ascension (RA) and declination (DEC) of the GALEX pointings, 
as well as the combined FUV and NUV exposure time. 



terization of the hot, massive and young stars that are in- 
dicative of recent star formation. Although, as we discuss, 
corrections must be made for both dust extinction and con- 
tributions from old stellar populations before robust star 
formation rates can be obtained. 

We were awarded 9 orbits of GALEX observation time 
(~ 13.5 ks total) in Cycle 1 (PI: M. Balogh, ID: 037). This 
was intended to allow three orbits of observation time for 
each of three of the four CNOC2 patches. However, early in 
the GALEX mission, intermittent problems with the FUV 
detector caused some observations to be obtained with only 
the NUV images passing image quality tests. Thus, further 
observations were undertaken to insure that the full compli- 
ment of FUV observing time was achieved. For this reason, 
the exposure time of the NUV images vary from 3 orbits 
per field (the 2 hour patch) to 6 orbits per field (the 14 hour 
patch). In Table [T] we detail the GALEX data of the three 
CNOC2 patches. Because of the L-shaped geometry of the 
original CNOC2 fields, the circular GALEX pointings do not 
cover the full patch. In this paper we restrict our analysis to 
galaxies within 0.°6 of the center of the GALEX pointings. 

We use the standard GALEX image reduction and 
calibrations obtained from the 2nd data re lease GALEX 
pipeline, as outlined in lMorrissev et all (2007). To provide a 
demonstration of the depth of our observations we present 
Figure [TJ which shows the observed NUV-r color as a func- 
tion of observed r magnitude in four different redshift bins. 
In this Figure, we have matched sources that are individually 
detected on the NUV images to the nearest GEEC galaxy 
within 4". The faintest NUV sources that are matched to 
GEEC galaxies have magnitudes of ~ 24.7, as shown by the 
black line in the figure. This figure is shown only as an il- 
lustration of the GALEX pipeline processed data. For the 
remainder of the GEEC analysis we use Point Spread Func- 
tion (PSF)-matched magnitudes as detailed in £|2 . 1 . 3 1 



2.1.2 CFHT Wircam K-band observations 

In the 2009A observing season, we obtained observations 
in the K-band in the 14 and 2 Hi fields using WIRCAM 
(|Puget et al.l I2004T ) on the Canadian France Hawaii Tele- 
scope (CFHT). Four pointings, each with 33 minutes of 
exposure time, were made in each of the two fields. Thus, 
each field had a region 30' X 30' mapped out. Each pointing 
was divided into 80 exposures of 25 seconds each, and was 
dithered in a 5 point pattern to fill in the chip gaps. The 
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Figure 1. Observed colour-magnitude diagram in the GALEX NUV and CFHT Megacam r bands in four redshift bins within the GEEC 
survey. The black line is at NUV=24.7, which illustrates the limit of the faintest sources detected in the GALEX images. The red points 
are group members while the black points are field galaxies. 



data were then reduced and processed by the Elixir Q and 
TerapbH pipelines. 

2.1.3 PSF matching and Photometry 

There are at least two approaches to measuring accurate 
colours for sources in images with different resolution. One 
approach is to make a detailed model of the source in each 
image with the intent on measuring its "total" magnitude 
in each band. This is the approach we will use with the low 
redshift data, largely because of the availability of well un- 
derstood "model" magnitudes in the SDSS. However, in the 
GEEC survey we take the second approach: using aperture- 
based photometry after adjusting the images to have the 
same PSF. 

The original photometry of the CNOC2 survey was 
not accurate enou gh to allow detailed SED-fitting. In 
iBalogh et ail (|2009h . we presented the results of an exten- 
sive campaign to obtain new optical and near-infrared pho- 
tometry. In this paper, we follow the same general scheme 

1 http:/ /www. cfht.hawaii.edu/Instruments/Elixir/ 

2 http://terapix.iap.fr/ 



for making photometric measurements. While we briefly dis- 
cuss t his scheme below, we refer the reader to lBalogh et alj 
|2009l) for the full details. 

The original GEEC object detection was done on a com- 
bined R(CFH12K) and r(Megacam) 'super' image for each 
of the CNOC2 patches. This image was used for detection as 
it allowed for the greatest depth and coverage, while closely 
resembling the original Rc band used in sample selection. 
We use this 'super' image only for object detection, and 
use each filter (including r and R) separately for the pho- 
tometry. All the photometric images, including the GALEX 
NUV, FUV and Wircam K-band images, were aligned to the 
corresponding super image using SWARP (|Bertin et al.ll2002h 
after assuring that the astrometric alignment was correct. In 
Table [2] we list each of the instruments and filters used in 
the paper. We also list the fraction of galaxies in the GEEC 
sample that are covered by each filter. Notice that this sim- 
ply measures the fraction of galaxies within the footprint of 
the data, rather than the fraction detected. 

The GALEX images have the largest PSF of any of our 
images (~ 4.7 "), so we convolve each of our images with 
a Gaussian kernel appropriate to obtain a PSF of 4.7 ". 
We then use S Extractor v2.5 (|Bertin fc Arnoutslll99rj| ') in 
two-image mode on each image, with the unconvolved 'su- 
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per' r image as the detection image. The photometry is then 
measured within 10" apertures, thus ensuring that we obtain 
PSF-matched colors for all the wavebands. Total magnitudes 
are derived by computing the CFH12K R or Megacam r 
SExtractor MAG_AUTO parameter in the unconvolved 
image and then using the appropriate aperture color. It is 
this photometry we use for the rest of the GEEC analysis. 

Measuring photometry in large apertures could intro- 
duce biases due to crowding from other galaxies. We test how 
often this occurs by examining the difference in implied total 
magnitude in the optical wavebands when using 3" apertures 
in the unconvoled image to that implied using 10" apertures 
in the convolved image. Each of the optical wavebands pro- 
vide a consistent picture, that approximately 7% of galaxies 
are affected by crowding. For instance, in the Megacam I 
band, we find that 7.3% of the galaxies have implied total 
magnitudes which differ by more than 0.2 mags. Visual in- 
spection of these galaxies confirm that the errors are due to 
crowding by nearby galaxies. However, the fraction of the 
group galaxies which suffer from crowding measured in this 
way (6.9%) is essentially equivalent to field galaxy fraction 
(7.4%). The removal of these galaxies from the sample do 
not affect the results, and we leave them in the sample for 
completeness. 

We have assumed that the GALEX PSF is a Gaus- 
sian profile with a 4.7" FWHM. However, detailed mea- 
surements have shown that the PSF varies from 4.2" to 
5.3" (FWHM) in the F UV and NUV channels, respectively 
|Morrissev et al.ll2007T ). We examine how these refinements 
affect our photometry by examining the Megacam u data. 
The u data is perhaps the most sensitive to proper PSF 
matching to the GALEX data as the NUV-u color is a mea- 
sure of the dust attenuation at these redshifts. We have con- 
volved the u data with a 4.2" Gaussian and a 5.3" Gaus- 
sian (FWHM). The dispersion in u magnitude implied from 
comparing these two images is only Amag ~ 0.017, which is 
smaller than our applied zeropoint uncertainty. The GALEX 
PSF is also not strickly Gaussian, although the largest vari- 
ations are in the wings, which has little effect on our data. 
These variations from gaussianity are also a function of po- 
sition on the detector. We avoid the extreme effects of non- 
gaussianity by restricting to the central 0.6 degrees of the 
field of view. 

We do not apply Galactic extinction corrections directly 
to the photometry. We want to avoid adding extinction cor- 
rections to negative fluxes, which occasionally result from a 
non-detection. Instead, we apply a correction to each of the 
population synthesis models b ased on the measured extinc- 
tion from lSchlegel et"al] (1 19981 ) for each patch of the survey. 
This essentially adds the reddening effect of Galactic ex- 
tinction to the models, allowing a direct comparison with 
the photometry. 

We restrict the analysis in this paper to galaxies with 
r < 22 within the fields with follow-up spectroscopy and 
to r < 21.5 within the rest of the survey. This has been 
shown to allow an unbiased st atistical sample with no colour 
depe ndence to be generated (|Yee et al. l l200d ; IWilman" et al.l 
2005). Due to this restriction, the majority of our galaxies 
are well detected in all the photometric bands that have 
coverage in the area. 

The SExtractor magnitude errors are computed in 
the standard way, using the distribution of background 
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Table 2. The filters used for SED fitting of GEEC galaxies in 
the GALEX sample. The instrument used for the photometry is 
listed along with the fraction of galaxies which are covered by 
each given waveband. 96.2% of all GEEC galaxies in the GALEX 
sample have either Ft or r band coverage, while 71.2 % have K or 
K s band coverage. 



noise (IBertin fc Arnouts 1996). However, when comparing 
to SEDs it is important that these errors are not underes- 
timates, and thereby disfavor models which are good fits. 
To avoid this, we compute a photometric error correction 
by examining the standard deviation of the magnitude de- 
pendent difference between observations of the same galaxy 
in two similar filters. At each half magnitude, we scale the 
average error implied by SExtractor to equal that im- 
plied using similar filters. We assume that the scaling factor 
is due to both filters equally. This enables us to estimate, 
for each filter, a photometric error correction that depends 
only on observed magnitude, and this is used for all galax- 
ies in the sample. This procedure will slightly overestimate 
the uncertainty because of real variation in galaxy types, 
which causes an intrinsic variation in the color. However, 
that v ariation is expected t o be on the order of 0.05 magni- 
tudes (|Fukugita et al.|[l995l ). We also add zeropoint errors of 
0.05 magnitudes to each of the filters in quadrature, except 
for NUV, INGRID and SOFI data, which we have zeropoint 
errors of 0.03, 0.17 and 0.1 mags, respectively. 

In order to maintain the unbiased properties of the sur- 
vey, we restrict our discussion to galaxy groups tha t were 
pre-selected from the sample of lCarlberg et all l|200lf ) . How- 
ever, we do redefine the galaxy groups using the Wilman et 
al. (2005) spectroscopy. We follow th e rede finition scheme 
described extensively in iMcGee et alj (|2008l ) and based on 
IWilman et alj (|2005l ). We define galaxy group members as 
those that are within 500 h^ 1 kpc of the luminosity weighted 
group centre and have a line of sight velocity within two 
times the velocity dispersion of the group redshift. Using 
this method, our final sample of 2347 galaxies between z=0.3 
and z=0.55 contains 335 group galaxies. Figure [2] shows the 
measured velocity dispersion of our galaxy groups as a func- 
tion of redshift. For clarity, we have omitted velocity disper- 
sion uncertainties, which are typically ± 100 km/s, or upper 
limits, which arise in a few cases when the velocity errors 
are larger than the velocity dispersi on. Full details of th e 
velocity dispersion calculations are in IWilman et ail (|2005h . 
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Figure 2. The velocity dispersion as a function of redshift for 
GEEC galaxy groups in our three fields with GALEX data. We 
restrict our sample to the groups shown, which lie between z=0.3 
and z=0.55. The typically error in the velocity dispersion is ± 
100 km/s. 



In this paper, we call galaxies in our groups to be 'group 
galaxies' and we define the 'field' sample to be all other 
galaxies. The field sample is not an 'isolated' sample, as 
it will have many groups contained within it that are un- 
detected by the sparse CNOC2 r edshift survey . Inde ed, we 
have shown in a previous paper l|McGee et al.l l2008). that 
the 'field' sample is very close to a global sample of galaxies 
and thereby contains close to the universal fraction of group 
galaxies within it. 



mately 1000 square de grees of the SDSS l|Martin et al.ll2005l ; 
iMorrissev et al.ll2007l ). We use 1017 tiles of the MIS that 
were released to the public via the 3rd General Release. We 
retain only objects within the central 0°.6 of each GALEX 
pointing, and resolve overlapping observations by keeping 
the one nearest the pointing center. The photometry from 
the GALEX pipeline is computed using SExtractor in 
two image mode. In the pipeline, a detection image is cre- 
ated by dividing a background-subtracted data image to a 
corresponding detection threshold map. SExtractor uses 
any pixel in the ratio with values greater than one as possi- 
ble detections, and measures the corresponding photometry 

using a background subtracte d image. 

We follow the work of iBudavari et al.l ((2009), who 
showed that an effective matching of SDSS galaxies and 
GALEX sources could be made by matching to the near- 
est source within 4". We use all galaxies within the main 
galaxy sample of the SDSS as our starting point. We reduce 
this sample to those galaxies within 0°.6 of a MIS tile and 
subsequently match to NUV/FUV sources from the GALEX 
SExtractor catalogs. We use the MAG_AUTO photome- 
try, which is close to a total magnitude. We do not attempt 
to explicitly match the PSF of this photometry with the 
SDSS photometry as we have done for the UV-optical data 
of the GEEC sample. Our use of SDSS modelmag assures 
that we are measuring total magnitudes in both regimes, 
and thus PSF matching is of less importance. The use of 
fixed apertures such as was done in the GEEC sample would 
introduce significant redshift bias due to the factor of 12 
difference in physical size of an arcsec throughout the low 
redshift sample. Further, the resolved galaxies of the low 
redshift sample make the PSF becomes less critical. The fi- 
nal sample of galaxies in the SDSS/ GALEX overlap between 
z=0.01 and z=0.15 is 49663. 87% of these galaxies are de- 
tected at the 3-cr level in NUV and 79% at the same leve in 
FUV. 



2.2 SDSS survey 

The Sloan Digital Sky Survey (SDSS) is a five colour ( uqriz ) 
photometric and spectroscopic survey (|York et al.l [2000). 
In this paper, we make use of the Data Release 6 (DR6), 
which contains ove r 790,000 galaxy spectra within approxi- 
mately 7425 deg 2 (|Adelman- McCarthy et al.l 120081 ). We re- 
strict our analysis to only galaxies within the main galaxy 
sample, which targ ets almost all galaxies with r < 17.77 
l|Strauss et al.ll2002i ). Some galaxies are left unobserved be- 
cause of the finite size of the fiber optic spectra plugs, which 
does not allow two galax ies to be observed w hen they are 
within 55" of each other (|Blanton et al.ll2003l ). 

We use the ugriz modelmag, which is designed to give 
the most accurate galaxy colour while st ill being close to 
a total magnitude ijstoughton et al.ll2002l ). The SDSS pho- 
tometry has zeropoint calibration errors of approximately 
0. 01 mag in g,r, and i, 0.02 mag in the z band and 0.03 in 
u l|lvezic et al.ll2004l ). 

2.2.1 GALEX data 

The GALEX Medium Imaging survey (MIS) was designed 
to provide single orbit (~ 1500 second exposure) of approxi- 



2.2.2 Group finding 

In an attempt to compare the redshift evolution of group 
properties as fairly as possible, the primary goal of our low 
redshift group finder is to reproduce the selection of our 
GEEC groups. The m ethod is very simila r to the method 
used and described in iMcGee et al.l (|2008h for low redshift 
groups. 

GEEC groups were selected from a shallower and more 
sparsely sampled redshift survey than the SDSS. Thus, we 
apply two filters to the SDSS galaxies before applying the 
group finding algorithm. First, we apply the same absolute 
magnitude cut as the original CNOC2 group finder, M_r=- 
18.5 with an applied evolution correction of 1 mag per unit 
redshift. Secondly, we randomly remove half of the remain- 
ing galaxies to replicate the completeness of the CNOC2 
redshift survey. 

For all of the remaining galaxies, the local density was 
calculated by counting the galaxies within a cylinder of 0.33 

Mpc and ± 6.67 Mpc line of sight depth centered 
on it. If the galaxy has fewer than three neighbours then 
the cylinder is expanded in every direction by 1.5 and the 
neighbours recounted. The galaxy is only available to be- 
come a grouped galaxy if it has a higher density than the 
background. 
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The groups are then compiled by beginning at the high- 
est density galaxy and adding all the galaxies within its 
cylinder. Next all the galaxies in each of the cylinders cen- 
tered on those galaxies are added. This continues until no 
more galaxies are added to the "proto-group" . Members of 
this group are then used to calculate the geometric center, 
redshift and velocity dispersion (u v ). Using these quantities 
as starting points, galaxies are added or removed iteratively 
that within I.5R200, where R200 = v3cr v /[10H(z)], and three 
times the velocity dispersion. This process is repeated until 
convergence. 

Using this sample of groups, we now add in all the 
galaxies that were randomly removed to reduce the com- 
pleteness. This allows us to emulate the GEEC follow-up 
of the Carlberg et al groups. The geometric center, redshift 
and velocity dispersions were again re-computed, now us- 
ing all available galaxies. To avoid edge effects, we run the 
group finder on the entire SDSS DR6 main galaxy sample, 
and then subsequently restrict ourselves to groups within 
the SDSS/ GALEX overlap region. 

As in the GEEC sample, we call all the galaxies which 
reside in our groups using this method 'group galaxies' and 
describe the rest of the SDSS sample as 'field galaxies'. But 
again, due to incomplete sampling, the 'field' sample has 
close to the universal value of galaxy groups. 

This process o f finding groups has been shown in 
iMcGee et alj {2008) to reproduce a similar halo mass dis- 
tribution for both GEEC and SDSS galaxy groups when 
simulated in mock catalogs. While it is outside the scope of 
this paper, in an upcoming work, we will further examine 
the group properties at both epochs, including the concen- 
trations and degree of Gaussianity in velocity distributions 
(Hou et al., in prep.). The CNOC2 survey (on which GEEC 
is based) and the SDSS survey select galaxies only based 
on r band, with no color selection. The similarity in selec- 
tion and group halo mass function suggests that the GEEC 
and SDSS samples can be fairly compared without a strong 
bias. However, we should remember that the two redshift 
epochs are the result of different surveys and subtle system- 
atic biases may remain. To minimize the effect of this, we 
focus principally on comparing the group and field behavior 
at a given epoch, and analyse how these relative differences 
change between epochs. 



3 FITTING SPECTRAL ENERGY 
DISTRIBUTIONS 

UV photometry, while extremely useful for measuring young 
stars, is sensitive to attenuation from dust. Early studies 
analysing UV photometry from star bursting and rapidly 
star forming galaxies found that a reasonable dust correc- 
tion could be made by assuming that the galaxy's spectral 
slope in the UV wa s proportional t o the dust attenuation 
l|Meurer et al.l 1 19951 ; ICalzetti et ail |2000| ). However, when 
ultra-violet light was observed in normal star forming galax- 
ies, and even relatively quiescent galaxies, it was found that 
there is no univer sal relation between the UV slo pe and UV 
dust attenuation jBeil |2002| ; ICortese et ail 120081 ) . In effect , 
the UV slope overestimates dust attenuation for galaxies 
with significant old populations. This is particularly impor- 



tant when studying massive galaxies and those in groups 
because of their expected old populations. 

To overcome these problems, we use all the available 
photometry (optical, near-infrared and UV data), to system- 
atically compare against a sam ple of models created from 
the population synthesis code of iBruzual fc Chariot (2003). 



This specific method we follow is that of Sali m et al 



2007), 



who have earlier used a similar SDSS/ GALEX overlap sam- 
ple. 

The general technique involves using a sample of tem- 
plate SEDs with known galaxy parameters. The templates 
are fit to the observational photometry and the galaxy pa- 
rameters of the best fit model, or the weighted likelihood of 
all models, are adopted as the parameters of the observed 
galaxy. Below we discuss the template SEDs that we create 
using stellar population synthesis f i]3.1[) and then discuss the 
detailed methodology we use to find the best fitting param- 
eters (SS3J). 

3.1 Model Stellar Populations 



All 



our galaxy tem plates are created using 



IBruzual fc Chariot! d2003l) models with a Chabrier ini- 
tial mass function l|Chabrierll2003l 'l. assuming a lower (and 
upper) IMF mass cutoff of 0.1 (100) M . Th ese templates 



use t he Padova 1994 evolutionary tracks ( Alongi et al.l 



Il993l ; iBressan et allll993l ; iFagotto et ai1ll994al 



b ), while the 



stella r spect ra are drawn from the BaSeL 3.1 (|Bessell et al.l 
Il989l. Il99ll; lAllard fc HauschildtJ Il995l l and STELIB 
|Le Borgne et al.ll2003T l spectral libraries. 

We follow the ga l axy p arameter ranges used and jus- 
tified by ISalim etail (|2007l ). The model spectra are pro- 
duced by randomly selecting values for a set of variables 
that control the model galaxy's age, metallicity, star forma- 
tion history and dust obscuration. In particular, the age of 
the galaxy is randomly selected from a uniform logarithmic 
distribution between 0.1 Gyr and the age of the Universe 
at the epoch of observation. The metallicity is uniformly 
spaced between Z=O.OO5Z0 and 2.5Zq, where the canonical 
solar metallicity is Z0=O.O2. 96% of the model galaxies have 
metallicites between Z=0.1-2.5ZQ. 

We assume that the star formation histories of these 
galaxies have a backbone of exponentially declining star for- 
mation rates, and superimposed onto this backbone history 
are star formation bursts. In particular, the backbone rates 
are randomly chosen with a uniform distribution in 7 (SFR 
oc exp(— jt)), where 7 is < 7 < 1 Gyr" 1 . On this back- 
bone, we allow bursts that last some time randomly dis- 
tributed in duration between 30 and 300 Myr. The strength 
of the bursts are also randomly chosen so that during the 
lifetime of the burst they produce between 0.03 and 4 times 
the stellar mass the galaxy had at the onset of the burst. 
These bursts are randomly assigned so that there is a 25% 
chance a galaxy will undergo at least one burst in a given 
Gyr. Each Gyr is independent, and thus many galaxies go 
longer than 4 Gyrs without a burst. If the galaxy has formed 
more recently than a Gyr, then the chance of it having 
a burst is prorated. This is the same burst frequency and 
strength adopted bv lKauffmann et alj (|2003T ) after examin- 
ing the burst diag nostic plane of D n (4000)-HJ, and subse- 
quently adopted by I Salim et alj (|2007l ). Note that, given the 
length and frequency of bursts, only ~ 4% of model galaxies 



8 McGee et al. 



are undergoing a burst at any one time. This is similar to 
the 5% duty cycle of g alaxies exceeding 0. 6 dex from the 
SFR sequence found bv lNoeske et~aH [|2007h . 

We adopt t he si mple two-component dust model of 
ICharlot fc Fail ||2000h . In this model, young stars are 
shrouded in the dust associated with their birth, which has 
an associated optical depth to the observer of r v . After birth 
these young stars gradually disrupt and or dissipate their 
dust clouds. This is modelled by assuming that only some 
fraction, fj, v of the original optical depth remains 10 Myr af- 
ter the stars birth. The r v is drawn from a distribution that 
peaks at 1.2 magnitudes of attenuation and runs from to 
6 mags. The fj, v value runs from 0.1 to 1, peaking at 0.3. 

We then creat e mode l magnitudes by convolving the 
iBruzual fc Charlotl (|2003l ) resultant spectra with filter 
curves of GALEX NUV and FUV bands as well as the SDSS 
ugriz for the low redshift sample. The model magnitude cat- 
alogs are generated at each 0.03 redshift interval from z=0.02 
to z=0.20. When comparing these model catalogs to actual 
data, we interpolate between the nearest redshift intervals 
for each template to simulate the proper k-corrections. Fi- 
nally, the distance modulus is applied to simulate that ob- 
served galaxy redshift. In the GEEC sample, we convolve 
the spectra with the expected transmission of GALEX NUV 
and FUV, CFH12K BVRI, Megacam griz, Wircam K s , and 
2MASS K. We use the 2MASS filter because both the IN- 
GRID and SOFI K band data were calibrated to give mag- 
nitudes on the 2MASS system. We generate catalogs every 
0.05 redshift interval from z=0.3 to z=0.55 and apply inter- 
polated k-corrections and distance moduli. 



3.2 Fitting Methodology 

The set of model galaxies we have generated by randomly 
sampling the allowed parameter space acts as a Bayesian 
prior to the physical galaxy parameters. Our goal is to find 
a resultant probability distribution function (PDF) for each 
parameter and for each observed galaxy. For a given ob- 
served galaxy, we find the scale factor, ai, that gives the 
minimum Xi f° r each model galaxy, i, in Equation [T] 

2 ( Fohs.X — ai-Fmodv.X \ ^ 

* = g l »( w) ) (1) 

In which, X represents the sum over the 7 bands of low 
redshift photometry and the 12 bands of GEEC photome- 
try. -Fobs.x then represents the flux in the Xth band of the 
observed galaxy, while, F m odj,Jf is the Xth band flux of the 
given model galaxy. a(F \, St x) is the error of flux in the Xth 
observed band. 

We use all available photometric bands for each galaxy. 
The only exception arises with GALEX NUV data, and at 
low redshift, FUV. These are unique bands for two reasons. 
First, it is these bands that largely drive our star formation 
rates and are thus especially important. Secondly, these are 
the only bands for which there are a significant number of 
non-detections. Therefore, for galaxies that are not detected 
in the original NUV or FUV imaging, we restrict the space 
of models to have NUV-r or FUV-r colours redder than the 
observed limits. This effectively puts more weight on the 
NUV and FUV points given their importance in probing 



the SFR. The non-detections , which make up ~ 20% of 
GEEC and ~ 13% of SDSS galaxies, are only in the region 
of 'non-starforming' galaxies, and is largely the cause of our 
slight 'overestimate' of the SFR in passive galaxies, as shown 

in asm 

While the SDSS spectroscopic sample is derived from 
the r band photometry, the remaining bands of photometry 
are sufficiently deep that accurate colors are obtained for all 
of the galaxies drawn the main galaxy sample in our red- 
shift range of interest. Similarly, with the GEEC photome- 
try, except for the z band data, all galaxies are brighter than 
the expected limits. However, at the faint end, the z band 
photometric errors become large enough to encompass the 
models which are beyond the photometric limit, so we take 
no explicit action for these. 

The x 2 value of each model galaxy is then used to de- 
fine a weight, exp(— x*/2) for that model in fitting the given 
observed galaxy. The galaxy parameters of that model are 
then all given the weight, w,. Once all models have been 
assigned a weight, each galaxy parameter has a PDF con- 
structed by compounding the associated weights at each pa- 
rameter value range. We then obtain the parameter values 
that correspond to the median of the PDF. Also, we obtain 
an approximation to la error bars by using 1/4 of the 2.5- 
97.5 percentile range, and we will quote typical measurement 
errors based on this. 

The star formation histories we use in the models of 
Bruzual and Chariot have a time resolution of 10 7 years. 
Therefore, the final galaxy parameters at any given epoch 
are representative only of the galaxy within the last 10 7 
years. However, UV star formation rates are sensitive to any 
star formation within the last 100 Myrs because this is the 
lifetime of the massive stars that produce UV emission. In 
other words, a burst of star formation will shine in the UV 
for 100 Myrs. Accordingly, we average the final 100 Myrs 
of any simulated Bruzual Chariot galaxy to produce a pa- 
rameter that the UV is tracing. Thus, when we refer to star 
formation rates produces by this SED fitting, we are refer- 
ring to the average star formation rate within the past 100 
Myrs. 

3.3 Dust enshrouded star formation 

As we show in Appendix^] the SED-fit star formation rates 
agree very well with the rates inferred from star forming 
galaxies using dust corrected Ha emission. However, the pos- 
sibility exists that some star forming galaxies could be so 
optically thick that they would not emit significantly in Ha 
or UV. Using star formation rates inferred from UV/optical 
photometry like ours and compa r ing t o mid-infrared star 
formation indicators, ISalim et al.l l|2009h found that indeed 
most of the star forming galaxies were not optically thick. 

To obtain a star formation rate from mid-infrared pho- 
tometry, s uch as that taken at 24 fim by the Spitzer Space 
Telescope l| Werner et alJl2004l ). a correction is made to ob- 
tain the total infrared emission emitted by the galaxy. In 
the standard manner, this correction is found by assum- 
ing a model, usually empirical, which constrains the SED 
in the infrared. Th ere are a variety of models available and 
ISalim et al.1 l|2009l l found that the UV SED fit star forma- 
tion rates could reproduce the mid-IR derived star formation 
rates to within a factor of 2 using the UV/optical photom- 
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etry alone when us i ng th e models of ICharv &: Elbazl (|200lh 
and iDale fc Heloul (2002 V However, when using the more 
recent templates o f lRieke et all (|2009h . the UV/optical pho- 
tometry did not accurately reproduce the dust measured 
SFR in the sense that Rieke et al method gave higher star 
formation rates. We present analysis of 24 /mi photome- 
try for GEEC galax i es in Tyler et al. (submitted), which 
uses the iRieke et al.1 (|2009l 'l templates. We show there that 
the amount of dust enshrouded star formation per galaxy 
is similar in the groups and in the field. Since the Rieke 
et al. templates g ive higher amounts of obs cured star for- 
matio n than the ICharv fc Elbazl (|200lh or IDale fc Heioul 
l|2002l ) templates, assuming either type of template makes 
it unlikely that we are missing a significant population of 
optically thick st ar formation that only exists in one envi- 
ronment. Indeed, Tran et al.l (|2009h . using the templates of 
IDale fc Heloul i|2002h . found that a comparable fraction of 
SFR > 3 Mq /yr galaxies were found in the group environ- 
ment and in the field environment. 



3.4 Simulating galaxy samples 



As will be introduced in § 14.11 the galaxy parameters we 
use in this paper are principally the specific star formation 
rate (SSFR; the star formation rate divided by the stellar 
mass) and the stellar mass. In Appendix [A) we have at- 
tempted to quantify the accuracy of these galaxy parame- 
ters by comparing them to parameters obtained using other, 
largely independent methods. However, this approach is not 
fully satisfactory, because the parameters can only be tested 
for limited cases, ie. Ha measurements provided only con- 
straints on the low redshift, star forming galaxies. We do not 
have a similar test available for the GEEC data. Thus, in this 
section, we create a mock sample of observations of galaxies 
for which we know the "true" SSFR and stellar mass, which 
allows us to establish the legitimacy of our fitting procedure. 

For each survey, we create a sample of 100,000 mock 
galaxies that are drawn from the same distribution of dust, 
metallicity, age and star formation parameters from which 
the fitting templates were drawn, as described in §3.1\ How- 
ever, while the mock galaxies and fitting templates are 
drawn from the same distribution, no single mock galaxy 
has the exact same parameters as any one of the fitting 
templates. The mock galaxies are normalized to have stel- 
lar masses between 10 s and 10 12 Mq, and are then placed 
at z=0.08 (SDSS mock galaxies) and z=0.4 (GEEC mock 
galaxies). Mock observations are then created using the 7 
filters of the SDSS sample and the 12 filters of the GEEC 
sample. For each mock galaxy, the photometry in each band 
is given a random Gaussian error consistent with the ex- 
pectations of that bands measurement and zeropoint errors. 
In the GEEC sample, we also simulate the heterogeneous 
nature of the waveband coverage by removing observations 
in order to reproduce a sample with the same fraction of 
coverage in each band. However, as in the real method, we 
always have a minimum of 4 filters of coverage, including 
GALEX NUV and at least one band at r or redder. Cru- 
cially, we also simulate the depth of the GALEX NUV and 
FUV data. When the mock NUV or FUV observation is 
beyond the magnitude limit of our real observations, we re- 
strict to fitting only models with an NUV-i? and FUV-i? 



color greater than the color at the NUV and FUV observa- 
tion limit. 

In Figure [3] we present the stellar mass parameters that 
result from SED-fitting the mock set of simulated galaxies 
in both surveys. We show the difference between the "true" 
stellar mass and those obtained by SED fitting the mock 
observations as a function of the SED masses. The fitting 
recovers very well the true stellar mass, with only a nominal 
systematic offset and no mass dependent deviations in the 
adequacy of the recovery. Note that the z=0.4 sample has a 
smaller scatter (<r = 0.081 dex) than the z=0.08 sample (a 
= 0.129 dex). This is likely because we restrict the age of 
galaxies in the models to be less than the age of the Universe 
at that epoch, which means that the z=0.4 sample has less 
cosmic time for wide variations in star formation histories. 

In Figure [4] we show the SSFR results produced from 
SED fitting the mock galaxies. Unlike the stellar mass com- 
parison, we see a systematic deviation from the true SSFR 
that depends on the SSFR. At the star-forming end, greater 
than log 10 (SSFR) = -10.75 at z=0.08 and log 10 (SSFR)= 
— 11 at z=0.4, the SSFR is reproduced correctly with small 
scatter (~ 0.25 dex at low redshift and ~ 0.2 dex at z = 0.4). 
However, below these points, the SED fit SSFR seems to sys- 
tematically overestimate the true SSFR by < 0.3 dex. This 
behavior is a direct result of the depth of the GALEX NUV 
data. As we have mentioned, when the NUV magnitude is 
beyond our completeness, we simply restrict model space to 
those models that have (NUV — R) colours redder than that. 
Thus, the SSFR is essentially an average of the remaining 
models, which leads to a slight overestimate of the SSFR. 
This is indicative that our priors for low star formation rate 
galaxies are not correct. However, in this paper we restrict 
ourselves to analysis only of the high star formation rate 
galaxies and the fraction of these; thus, our slight overesti- 
mate of the SSFR has no impact for the present analysis and 
we do not try to develop more rigorous priors. Also, notice 
in Figure U that there is a population of galaxies undergoing 
an intense burst of star formation and thus have very high 
SSFRs (~ 10~ 8 yr" 1 ). 

Our mock sample fitting has led to two important 
points. First, as also evidenced by our comparisons with 
published stellar masses in ijX] we are able to accurately re- 
cover stellar masses to the level of a = 0.2 dex over the full 
range of mass within the constraints of the models. Second, 
we have shown that we can recover SSFR for star forming 
galaxies, but that we may be overestimating the SSFRs of 
non -star forming galax i es. Th is is an important point, since 
the iBrinchmann et al.l (|2004| . B04) star formation rates did 
not allow us to estimate our accuracy at low SFR. With 
these findings in mind, in this paper, we avoid making a de- 
tailed analysis of the rates of low star forming galaxies and 
instead set a threshold for the division of active and pas- 
sive galaxies at log 10 (SSFR)= —11, essentially lumping all 
passive galaxies together. 



4 RESULTS 

4.1 SSFR-M plane 

The star formation rate of a galaxy is a key indicator of 
galaxy evolution, and for active galaxies there is a strong 
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Figure 3. Comparison between the "true" stellar masses of a mock set of simulated galaxies and the SED fit stellar mass of the mock 
galaxies. This is shown for both the z=0.08 simulated sample (left panel) and the z=0.4 sample (right panel). The solid red line in both 
plots shows where the difference in measurements is 0. The blue, central dotted line represents the running median of the offset, while 
the two blue, dashed lines show the 1 a limits. 



correlation b etween star formation and stellar mass. Many 
autho rs, (eg. iKennicuttll 19831 : IScalolll986l : Brinchmarm et al. 
12004 ) . have thus examined the specific star formation rate 
(SSFR) which is defined as the star formation rate normal- 
ized by the total stellar mass of the galaxy: 



SSFR : 



SFR 

M s tellai 



(2) 



This is a useful approach because it q uantifies the cur- 
rent SFR with respect to the past SFR (|Kennicutt et al.l 
1 1994 ). For instance, a value of SSFR of 10 9 yr 1 means 
that if the galaxy maintains its current SFR for 10 9 yr, then 
it will double its stellar mass. SSFR can then easily be con- 
verted into a "birthrate", b, defined as b — SSFR x t, where 
t is the age of the universe. A value of b greater than 1 
means the galaxy is forming stars faster than it has in the 
past. Of course, this is an approximation, as the galaxy may 
have been forming stars for only a fraction of the age of the 
universe, or had a significant amount of the formed stellar 
mass returned to the ISM. 

It is with this intuition that we present Figure [5] which 
shows the SSFR as a function of the galaxy stellar mass for 
galaxies in the SDSS sample. We have two panels: one show- 
ing the field galaxies, and one showing the group members. 
It should be noted that the points each represent individual 
galaxies, but that the galaxies have not been weighted by 
1/Vmax- Thus, especially galaxies in the bottom left corner 
(those of low mass and SSFR), are systematically under- 
represented. However, when defining passive fractions or 
other quantities we always account for these weights. 

Examining this figure, it is apparent that galaxies ap- 
pear bimodal in the SSFR-Mq plane. They tend to cluster 



as part of either a group of passive galaxies at SSFR ~ 
10~ 12 , or a group of star forming galaxies at SSFR ~ 10 -10 . 
This behavior is obvious in both the group and field galax- 
ies. The galaxies clustered at ~ 10 -10 has been called by 
other authors the " main sequence of star-forming galaxies" 
l|Noeske et al.ll2007l V These galaxies have a birthrate, b, of 
approximately 1, which could suggest that they have been 
forming stars at about this rate for their lifetime. 

It is important to remember that, as shown in £13.41 the 
low SSFR rates were actually slight overestimates, meaning 
that the cluster of points at SSFR ~ 10~ 12 is unlikely to be 
caused by systematically low SSFR measurements. In other 
words, this 'main sequence' is not due to an insensitivity to 
star formation rates just un derneath the s e quenc e. This is a 
crucial point as the work of iNoeske et all (2007) was based 
principally on emission lines, which are relatively insensitive 
to low star formation rates. We stress that because our star 
formation rates are based on SED-fitting, they are complete 
as a function of stellar mass, with no selection on the star 
formation rate. Thus, similar to the behaviour seen in galaxy 
colours, the bimodality of galaxy populations seems to be a 
fundamental property. 

Many authors have attempted to quantify this "main 
sequen ce of star forming galaxies" through linear or model 
fitting l|Noeske et al.ll2007l : [Peng et al.ll2010l , Gilbank et al., 
submitted). Because our principal goal in this paper is to 
examine the differential evolution of group and field galax- 
ies, we will avoid these kinds of parametric fits. However, 
visual inspection of this figure does yield at least two in- 
teresting features. First, the 'main sequence' in Figure [5] 
appears to have a steep slope, such that low mass galaxies 
have significantly higher SSFRs than do more massive galax- 
ies. If we assume that this star forming sequence of galax- 
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Figure 4. The difference between the "true" specific star formation rate of our mock galaxies and the results of the SED fitting as a 
function of the SED fit results. Again, this is shown for both samples, the z=0.08 (left panel) and the z=0.4 (right panel) simulated 
sample. The blue, central dotted line represents the running median of the offset, while the two blue, dashed lines show the 1 a limits. 
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Figure 5. Specific star formation rates of both the group (right) and field (left) galaxies in the SDSS survey (median redshift 0.08) as a 
function of stellar mass. The dashed, red line corresponds to log 10 SSFR = 10 _11 yr — 1 , which is our division between active and passive 
galaxies. The typical uncertainty on SSFR is 0.31 dex, while the stellar mass uncertainty is 0.28 dcx. 



ies has always been star forming, then the massive galaxies 
have either formed earlier than less massive galaxies or have 
more rapidly declining star formation histories relative to 
less massive galaxies. Secondly, the slope and position of 
the group galaxies does not appear wildly different from the 
field galaxies. We will revisit this issue later. 



We now move to higher redshift to examine the GEEC 
sample at z ~ 0.4. In Figure [5] we show the SSFR-M ste iiar 
plot for GEEC galaxies, separated into group and field envi- 
ronments. We only plot the stellar mass region in which we 
can create a statistically complete sample by applying the 
spatial, magnitude and 1/V ma x weights. As in the previous 
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Figure 6. Specific star formation rates as a function of stellar mass for both the group (right) and field (left) galaxies in the GEEC 
survey (redshift = 0.4). The dashed, red line corresponds to log 10 SSFR = 10 _11 yr _1 , which is our division between active and passive 
galaxies. The vertical, black, dotted line corresponds to the stellar mass limit (M ste n ar = 3.9 X 10 10 ) at the highest redshift of the sample 
(z=0.55). Using 1/V m ax weighting, we can obtain a complete sample to M stc n ar = 1.44 X 10 10 , but the scatter plot does not reflect 
these weightings. The typical uncertainty on SSFR is 0.28 dex, while the stellar mass uncertainty is 0.19 dex. 



figure, we see that it appears that galaxies form a sequence of 
star forming galaxies. Again, the sequence appears to have a 
tilt, such that massive galaxies have lower SSFRs than lower 
mass galaxies. 

As was the case for the SDSS galaxies, it does not ap- 
pear, via visual inspection of Figure [6] that the specific star 
formation rates of star forming galaxies are very different in 
groups compared with the field, in the GEEC sample. To 
quantify this and to evaluate the evolution with redshift, we 
present Figure [7] which shows the average SSFR of galaxies 
classified as star forming in both surveys. To avoid paramet- 
ric forms, we simply assume that star forming galaxies are 
those with log 10 SSFR > 10 yr . As shown by the red, 
dotted line in Figures [5] and [6] this appears to divide the 
star forming and passive galaxies at both redshifts. Further, 
a galaxy with this SSFR is forming stars at a fraction of its 
past average. This division is also useful because it implies 
that a galaxy forming stars at this SSFR with a mass of 
our GEEC stellar mass limit (~ 10 10 h' 1 M Q ) would form 
stars at a rate of 0.1 hT 1 Mo/yr. Thus, the depth of UV 
photometry easily discriminates between star forming and 
passive galaxies. 

Focusing first on the general field trends, shown by the 
black lines and symbols, we see that both the field samples 
in the GEEC survey and in the SDSS survey show steep 
trends with stellar mass. This behaviour was pointed out in 
the scatter plots earlier, but this confirms that the behav- 
ior remains when accounting for volume weighting of the 
surveys. We stress that this behavior is also not a result 
of a cut in star formation rate, as we are complete to the 
stellar mass limits shown. We notice that there is a signif- 
icant offset in the SSFR-Mq relation between surveys for 



these star forming galaxies, such that star forming galax- 
ies at redshift z=0.4 were forming stars at higher rates (~ 
0.25 dex in SSFR) than those at z=0.08. This offset is mass- 
independent for the mass ranges that are probed by both 
surveys 

Now, focusing on the group and field values within a 
given redshift, we see that, within the statistical uncertain- 
ties, there is no apparent difference. Thus, at least for the 
star forming galaxies, from z=0.4 to z=0.08, we see a gen- 
eral lowering of the level of star formation in galaxies with no 
apparent mass dependence regardless of their environment. 

4.2 Fraction of passive galaxies 

We have concentrated principally on the sequence of star 
forming galaxies and its position on the SSFR-M0 plot. We 
now shift to look at what fraction of galaxies are within this 
sequence. As above, we define passive galaxies as those that 
have log 10 SSFR < lO^yr" 1 - Fi gure [8] shows the passive 
fractions as a function of stellar mass for the group and field 
galaxies in both the SDSS survey and the GEEC survey. 
At both redshifts, we see that at all stellar masses probed, 
groups have a higher fraction of passive galaxies than the 
field. Given that this is comparing group galaxies with field 
galaxies at fixed stellar mass and redshift, it is strong evi- 
dence that group galaxies have star formation prematurely 
truncated by the group environment. 

To guide the eye in Figure [8] we show a simple least 
square fit to each of the group and field passive fraction in 
SDSS. These two lines have very different slopes, implying 
that there is a mass dependent difference in the truncation 
mechanisms in the groups and the field. This is most inter- 
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Figure 8. The fraction of passive galaxies in the group and field of SDSS (left panel) and GEEC (right panel) surveys. Passive galaxies 
have SSFRs less than 10 — 11 yr~ 1 . The solid blue line is an approximation to the mass dependence of the SDSS group galaxies, while the 
dashed blue line is an approximation to the SDSS field galaxies. For illustrative purposes, the same lines have also been reproduced in 
the GEEC panel. The error bars represent the error in the mean. 
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Figure 7. Average SSFR of star forming galaxies in the group 
and field of SDSS and GEEC surveys. Star forming galaxies are 
defined as being above log 10 SSFR > 10 — yr — 1 , the red dashed 
line in Figures \E\ and [6] The error bars represent the error in the 
mean. 



esting when comparing to the GEEC sample. The SDSS lines 
have been re-drawn on the GEEC panel as well. This shows 
that the group and field galaxies at z=0.4 have a mass depen- 
dent fraction with a similar slope to the SDSS field galaxies. 
Thus, the evolution in groups must be mass-dependent to 



end with the correct fraction of passive galaxies in groups at 
z=0. This may be expected because in groups, the low mass 
galaxies are more likely to be satellites rather than central 
galaxies, and therefore, might experience the loss of their 
gas reservoir. These results are intriguing given our results 
in Figure [7] which showed that the average SSFR of star 
forming galaxies was similar in group and field at a given 
redshift. Galaxies must move quickly from being classed by 
our definition as 'star- forming' to 'passive' to cause the grow- 
ing fraction of passive galaxies observed, while keeping the 
average SSFR of star forming galaxies unchanged. 

5 DISCUSSION 
5.1 Accretion model 

In lMcGee et all l|2009l ). we introduced a simple approach for 
relating environmental effects to a galaxies accretion his- 
tory. In this model, galaxies become 'environmentally af- 
fected' some time, Ttrunc, after they fall into a host halo 
with a mass greater than Mt rU nc- It is important to note 
that our use of 'environmentally affected' does not necessar- 
ily mean, for example, red galaxies, because galaxies can also 
become red through internal processes. We are attempting 
to reproduce the differential effect of the group environment 
with time rather than making predictions for the group or 
fie ld alone. O u r mod el is based on the semi-analytic work 
of iFont et ail (|2008h , but uses only the accretion history 
and stellar mass outputs. Our approach does not depend 
on the detailed star formation histories predicted by the 
IFont et all l|2008l ) method. In Figure [9j we show the results 
for a model where Tt run c= 3 Gyrs and M trU nc=10 13 Mq. 
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This shows the predictions for the environmentally affected 
fraction at z=0.08 and z=0.4, as well as the observed group 
passive fractions at these redshifts. To match the overall 
SFR-determined passive fraction this model has a higher 
mass threshold than was shown previously bv lMcGee et al.l 
(2009), which had been determined to match optical 'red' 
fractions. However, as shown in iMcGee et all (|2009h ■ the 
rate of evolution in these models is principally determined 
by Tt runc . While this model is simple, it is interesting to note 
that it predicts approximately the correct evolution in the 
passive fraction. Notice that at M-stellar = 10 10 ' 3 Mq, the 
evolution between the two redshift epochs in passive frac- 
tions is observed to be ~ 0.15. The model with a r trunc of 3 
Gyr agrees with this observed evolution. In contrast, a model 
with the same M trU ncbut with T trun c= 1 Gyr predicts only an 
increase of 0.03. A timescale this short is disfavoured by the 
data, assuming that all galaxies in groups truncate wit h this 
timescale. As we have argued in McGee et al.l (|2009T l. the 
most powerful argument against a higher M trunc is simply 
the observed difference in group and field passive fractions. 
A mechanism that occurs in the halo mass and timescale 
regime of our successful model could be strangulation, the 
relatively gentle process of removing the outer hot halo of 
infalling galaxies. 

This accretion model is simplified in many ways and 
should only serve as a guide that the overall level of evolution 
seen in the data implies a long timescale. The galaxy forma- 
tion model does not include the production of intragroup 
mass, which can be a significa nt fraction of the total stellar 
mass (|McGee fc Baloghl |201qT ). Further, |Kim et alj (|2009T ) 
have shown that the inclusion of satellite-satellite merging 
and satellite-disruption to create intragroup mass improves 
the model's agreement with the luminosity dependent corre- 
lation function. The inclusion of these processes would likely 
create mass-dependent evolution since these process prefer- 
entially occur in low mass galaxies. 



5.2 The role of environmental processes 

We have seen that the sequence of star forming galaxies 
evolves with redshift, but that it is independent of envi- 
ronment. However, given that the fraction of star forming 
galaxies has such a strong environment dependence, we can 
ask the question: Are our results consistent with all low 
mass passive galaxies residing in massive halos? It is im- 
portant to remember that our field sample is essentially the 
't otal' sample rather than an 'isolated' sample. The models 
of iFont et all (120081 ) show that 42% of galaxies are in ha- 
los above 1O 12 - 75 M at z=0 while at z=0.4, there are 26% 
of galaxies in these halos. Assuming that all of the galaxy 
groups have properties given by our sample, and the total 
population has the value of our 'field' data, we can infer 
the properties of 'isolated' galaxies, those in halos below 
10 12 ' 75 Mq. We can relate the group and field passive frac- 
tions (/"passive, group , /"passive, field) to the isolated passive frac- 
tion (/passive, isolated) using the fraction of galaxies in groups 
and those which are isolated fraction at that redshift (Jb, 
Fi), as 
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Figure 9. Comparison between the passive fraction of GEEC and 
SDSS group galaxies and a simple accretion model for environ- 
mental effects. Passive galaxies were determined via their specific 
star formation rates. The accretion model assumes that a galaxy 
become passive 3 Gyrs after it falls into a halo of at least 10 13 
Mq. The solid black line is the prediction at the median red- 
shift of SDSS, z=0.08, while the dashed black line is the model 
at z=0.4. 
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at z=0. Thus, there is an intrinsic 
high passive fraction at this mass in isolated galaxies, but 
most of the evolution in the field between z=0.4 and z=0 is 
driven by the evolving group passive fraction. At M ste iiar = 
10 9 ' 4 Mq, for which we only have data at z=0, the implied 
true isolated fraction is essentially zero ( - 27 - n -42*o.66 y 
lower mass, the field passive fraction appears to be entirely 
due to galaxy groups. 

From this emerges a general picture in which massive 
galaxies have a high fraction of passive galaxies regardless 
of their environment, while low mass galaxies are essentially 
only passive in groups. This implies that massive galaxies 
must have an internal mechanism, or at least one that does 
not depend on environment, which plays a large role in the 
galaxy properties. On the other hand, low mass galaxies are 
essentially all star forming unless they are in a group or 
cluster environment. There have been models in which this 
internal mechanism is proposed to be the re sultant heating 
caused by the fueling of ac tive galactic nuclei (|Springel et al.l 
120051 ; iHopkins et alj|200sl ). 

It is perhaps surprising that we find most, if not all, of 
the low mass, passive galaxies can be accounted for if we 
assume they are only created in groups. This argument is 
based on CDM predictions of halo abundances and, while 
reasonably robust, does not rule out the possibility that 
some isolated galaxies in the real Universe may be passively 
evolvi ng. Indeed, there is s ome evidence for su c h galaxies 
(eg. iMalin fc Carter! 1 19831 : IColbert et all l200ll : IZhu et all 
|2010T ) although these tend to be more massive than our low- 
est mass galaxies. However, there is observational support in 
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the literature for this claim. In lBaldrv et al.l |2006l ). only 5% 
of galaxies at the lowest stellar mass (10 9 M Q ) and in the 
lowest density region are on the red sequence. These authors 
also showed that, while on average the lowest density region 
hosts more isolated galaxies, there are a significant number 
of galaxies which are in group scale halos but which nonethe- 
less appear to be in lo w density environme nts via their den- 
sity indicator. Further. IHaines et al. I (120071 ). using the fourth 
data release of the Sloan Digital Sky Survey, find that none 
of the ~ 600 galaxies in their lowest luminosity bin (-18 < 
M r < -16) and lowest density quartile are passive. Unfortu- 
nately, the literature can be misleading, because it is often 
convenient to call the lowest density bin of an observational 
sample 'isolated'. While this label is fine for the bulk prop- 
er ties, there can often be interlopers from groups or clusters, 
as lBaldrv et al.l (|2006T l have shown. It has also been shown 
that a significant population of galaxies which appear iso- 
lated may be members of a 'backsplash' population, which 
have been through a massive halo and emerged on the other 
side l|Gill et al.ll2005h . However, even after accounting for in- 
terlo pers and back s plash g alaxies, in apparen t contradiction 
with IHaines et al.l (|2007f ). I Wang et al.l (|2009l ) have claimed 
that 30% of low luminosity (M r > -17) SDSS are red and 
isolated. The absence of a tight red sequence in these galax- 
ies makes the division between red and blue galaxies difficult 
and is determined by an extrapolation of the luminosity de- 
pendent division of luminous galaxies. Given the lack of a 
tight red sequence, it is unclear whether a red g - r color as 
defined by these cuts is necessarily a passive galaxy and not 
a dust-reddened one. We note that the results of Haines et 
al., who determine passivity from the absence of Ha emis- 
sion, are less sensitive to these problems. 

It is worth noting that galax y formation m odels , such 
as the semi- a nalyt ic models of I Bower et al.l (| 20061 ) and 
ICroton et al.l j2006), also predict that low mass passive 
galaxies are exclusively satellites of more massive galaxies 
in groups and clusters. In these models, the cessation of star 
formation in a galaxy occurs primarily through AGN feed- 
back or satellite related processes. 

One important question which arises is whether our 
results can be explained if galaxy evolution in groups is 
simply given a 'headstart'. That is, the galaxies within 
groups follow the same evolutionary path as isolated galax- 
ies, but because of their dense environments they sim- 
ply formed earlier and are thus further evolved. Simula- 
tions of dark matter haloes do show that there is a rela- 
tionship at fixed halo mass between the age of the halo, 
or its epoch of formation, and its environment, such that 
haloes in a more biased environment form earlier (IGao et al. 
20051 ; IWechsler et"afll2006l : iMaulbetsch et al.ll2007i ; iLi et al. 
20081 ). Unfortunately, determining whether this bias depen- 
dent formation time of haloes at fixed halo mass leads to 
an environment-dependent formation time of galaxies at 
fixed stellar mass requires a more detailed understanding 
of galaxy formation. However, as we have seen in Figure [71 
the average star formation rate at a given redshift is similar 
in the group and the field, but is significantly different at 
different redshifts. If galaxies simply ran out of gas, group 
galaxies would have different average star formation rates 
from field galaxies at the same redshift if they had a 'head- 
start'. 

Further, it appears that most 'local' effects like AGN 



corre late strongly with stellar mass (|von der Linden et al.l 
2010). But controlling for stellar mass, we still see a higher 
passive fraction in groups. Although more work still needs to 
be done, this is strong evidence that galaxies have their star 
formation truncated in groups by an environment specific 
process. 



6 CONCLUSION 

We have fit spectral energy distributions to galaxies in two 
surveys, SDSS and GEEC. These SEDs use high quality, 
space based ultraviolet imaging along with optical, and near 
infrared for GEEC, photometry. We have compared this 
photometry to large suites of stellar population synthesis 
models to determine star formation rates and stellar masses. 
This method nicely reproduced alternative methods of mea- 
suring both star formation rates and stellar masses. By ex- 
amining the results, we conclude the following. 

• Star forming galaxies of all environments undergo a sys- 
tematic lowering of their star formation rate between z=0.4 
and z=0.08 regardless of mass. 

• The star formation properties of star forming galaxies, 
as measured by their average specific star formation rates, 
are the same in the group and field environment at fixed 
redshift. 

• The fraction of passive galaxies is higher in groups than 
the field at both redshifts. However, the difference between 
the group and field grows with time and is mass dependent, 
in the sense the the difference is larger at low masses. 

• Low mass galaxies at z=0 have group and field passive 
fractions that can be explained if passive galaxies only exist 
in groups. 

• The evolution of passive fractions in groups between 
z=0.4 and z=0 is consistent with an accretion model in 
which galaxies are environmentally affected 3 Gyrs after 
falling into a 10 13 Mq halo/group. 

These results present a consistent picture of environ- 
mental effects when taken along with our mea surements of 
quantitative morphology in lMcGee et al.l (|2008h . In that pa- 
per, we showed that the fraction of disk galaxies is higher in 
the field at both redshift and the difference grows larger with 
time. Also, we found that there was no indication that the 
disk scaling relations were different in the field or groups. 

These results all suggest that only a fraction of galaxies 
in groups must be actively truncated at any given time. If 
the mechanism is a quick one, like ram pressure stripping, 
then the truncation time might be short enough that only 
a small fraction of group galaxies are affected at a given 
time. This would allow the bulk of the star forming galaxies 
to remain unchanged but still allow the observed evolution. 
However, ram pressure stripping is likely not effective in 
galaxy groups. 

Based on the timescale suggested by our accretion 
model, strangulation seems like a suitable candidate for en- 
vironmental mechanisms. However, it is unclear if strangu- 
lation can allow galaxies to remain apparently unaffected for 
some time, thereby appearing to act only on a fraction of 
group galaxies at a time. In semi-analytic models, strangula- 
tion produces too many 'green' galaxies, which would likely 
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alter the disk and star formation properties (|Font et al.l 
l200Sl ; lBalogh et al.ll2009h . 

These results suggest that further constraints can be 
applied in two ways. First, the detailed study of individ- 
ual galaxy groups and the orbits of their constituent galax- 
ies within them can determine if ram pressure stripping of 
the cold gas is a viable mechanism. Secondly, the continued 
hunt for elusive 'green' transition galaxies, perhaps at high 
redshift where the accretion rates of galaxies in to groups is 
higher <|McGee et al l 120091 ; iBalogh et aill2010l) . will deter- 
mine the viability of gentle, strangulation like mechanisms. 
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APPENDIX A: UNDERSTANDING THE 
PHYSICAL PARAMETERS 

In this appendix, we attempt to determine how well our SED 
fit galaxy parameters reproduce the values given by alter- 
native methods. We will compare our SDSS stellar masses 
and st ar formation rates with the publicly available re- 
sults of |Kauffmann et all l|2003l . K03; for stellar masses) and 
iBrinchmann et al.l l|2004l B04; for star formation rates). We 
also compare our GEEC stellar masses to tho s e dete rmined 
primarily from K band data bv lBalogh et alj (|2007T ). 

Al SDSS comparisons: Stellar Masses 

The method of fitting stellar masses used by K03, is the 
philosophical forerunner of the Bayesian method we use 
here, with much of the formalism explained in that paper. 
The authors use a large suite of galaxy models created us- 
ing stellar population synthesis, and find that they can con- 
strain the z band mass to light ratios using the 4000-A break 
(D n (4000)) and the Balmer absorption line index H5a- By 
then scaling by the observed z band photometry, they de- 
termine the galaxy's stellar mass. Thus, despite the similar 
methodology, the K03 stellar masses are largely determined 
by the spectral features, which determine the star formation 
history and thus the mass to light ratio. In contrast, our 
stellar masses are determined by using the UV light to con- 
strain the star formation histories and then the optical/NIR 
photometry to scale to a stellar mass. 

In Figure IAT1 we show the difference between our stellar 
masses and those of K03 as a function of o ur stellar mass . 
The K03 masses have been converted from a lKroupal (|200ll ) 
to a Chabrier IMF by dividing by 1.04. The masses are well 
reproduced using our method, with a scatter that is smaller 
than the average of the uncertainties in either method. This 
likely means that despite our different methods, the un- 
certainties on each method are correlated. Nonetheless, our 
SED fitting seems to produce reliable results, notwithstand- 
ing systematic issues common in both methods (ie. evolving 
IMF, stellar population synthesis uncertainties, etc.). 

A2 SDSS comparisons: Star formation rates 

One of the most common and robust methods of determin- 
ing star formation rates of star forming galaxies is to use 
the recombination emission line Ha, which re-radiates the 
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Figure A2. A comparison between the SED fit star formation rates in this paper and those found by Brinchmann ct al. (2004, B04). 
We show this for galaxies that B04 classifies as "star-forming" in the left panel and all galaxies in the right panel. The red line shows 
the equality between the B04 and SED fit star formation rates. 
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Figure Al. The difference betwe en the SED fit masses pre sented 
in this paper and those based on iKauffmann et al.l d2003l . K03). 
The masses are well reproduced using our method. The red line 
represent the equality of the masses, while the blue dashed lines 
show the median and 1 sigma upper and lower bounds of the 
distribution. 



radiation of massive young stars. To that end, B04 use the 
emission lines of SDSS galaxies, to both classify the type of 
galaxy and to determine the star formation rates. As this 
method is completely based on spectral features this should 
give essentially an independent measurement to ours. 

B04 classifies galaxies into sever al categories ba s ed on 
the position of the galaxy within the lBaldwin et all l|l98ll . 
BPT) diagram and the quality of the spectra. The BPT di- 
agram is used to determine whether a galaxy has AGN ac- 
tivity based on the ratios of four emission lines ([OIII]5007, 
H/3, [NIIJ6584 and Ha). A galaxy with a high signal-to-noise 



ratio in each emission line and that lies in the star forming 
locus of the BPT diagram is defined as a "star forming" 
galaxy. The other B04 categories are used to denote AGN 
or Composite galaxies, as well as low S/N categories of each. 

The star formation rate of high signal-to-noise star 
forming galaxies is relatively straightforward to obtain from 
emission lines. Thus, it is this class of galaxies that we first 
compare our SED fit star formation rates to, as shown in the 
left panel of Figure IA2I The B04 sta r formation rates were 
calculated assuming a Kroupal (|200lh initial mass function. 
Following Sali m et all (|2007f ). we have divided the B04 rates 
by 1.06 to account for this difference in IMF. Our measure- 
ment agrees very well, with only a negligible offset and a 1 
a value that is consistent with our expected measurement 
errors. Importantly, some of this scatter is likely real, given 
that the B04 SFRs are based on Ha, which is sensitive to 
star formation within the last 10 Myrs, while our SFRs are 
based on NUV , which is sensitive star formation in the last 
100 Myrs. An additional source of possible scatter arises be- 
cause the SDSS survey spectra, which are made by a fiber 
based spectrograph, only sample the central 1/3 of the total 
galaxy light at the median redshift. Although B04 attempts 
to correct these aperture effects by using the available pho- 
tometry, these will likely add further scatter when compared 
to our method of using total magnitudes alone. 

The right panel of Figure IA2I shows the comparison of 
our SFRs with all of the galaxies for which B04 determined 
SFRs and are in the GALEX sample. In other words, in 
addition to those galaxies B04 classified as star forming, this 
panel also includes galaxies classified as AGN, composite or 
low S/N. While the SED fit high star formation rates still 
agree well with the B04 measurements, there is a long tail of 
SED fit determined low star formati on rates that in B0 4 are 
forming stars at much higher rates. ISalim et al.l l|2007l ) also 
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Figure A3. Comparison between the SEP fit stellar ma sses in 
this paper and the if -band determined Balogh et al 1 j2007h rB071 
masses for galaxies in both catalogs in the redshift range 0.1 < 
z < 0.55. The 1 a scatter is 0.176 dex, and the SED fit stellar 
masses are systematically lower by 0.019 dex (ie. ~ 2 %). 



noted this behavior when comparing UV derived SFR with 
B04. Salim et al. extensively investigate this phenomenon 
and find that these galaxies are ones in which B04 used 
indirect SF indicators, either because of lack of Ha emission 
or because of AGN contamination of the nebular emission 
lines. Thus, as Salim et al. conclude, the UV SED fit SFR are 
likely more accurate for these galaxies. Further, the indirect 
methods used by B04 (ie. D n (4000)-based) measure SFRs 
over different timescales than the Balmer lines, and our UV- 
based method. 



A3 GEEC comparisons: Stellar Masses 

In iBaloeh et~ai1 (l2007h . we determined stellar masses for a 
limited sample of GEEC galaxies based on the K band data 
that was available at the time. These were determined by 
computing K band mass to light ratios using simple stellar 
population modeling. The authors use a young, constantly 
star forming galaxy model to approximate the most blue 
galaxies (B - V < 0.4) and a old, single stellar population 
model for the reddest galaxies (B - V > 1). The mass to 
light ratios for intermediate galaxies are determined by a 
linear interpolation between these two extremes based on 
the galaxy's B-V color. 

In Figure IA3I we present a comparison between our 
current SED fit stellar masses and those of B07. We have 
converted from a Salpeter IMF to a Chabrier IMF by sub- 
tracting 0.21 dex. Encouragingly, there is only a slight offset 
of -0.019 between the masses and the scatter is quite small 
0.176 a. This scatter is actually smaller than the formal er- 
rors of both mass measurements, but since they are, at least 
partially, using the same photometry, the errors are corre- 
lated. 



